Evaluating the capability of electrospinning method as an efficient versatile approach for fabrication of fibers, a central composite design (CCD) model was used to design an experimental program for investigation of effective in production of poly (vinyl alcohol) (PVA) fibers fabricated from aqueous solutions of PVA. The studied variables were polymer solution concentration, applied voltage, distance between nozzle and collector plate and flow rate of solution injection. The influence of these parameters on diameter and morphology of obtained PVA fibers was studied by SEM analysis. Among all factors, concentration would strongly affect the fiber diameter.
Introduction
Electrospinning is known as the most common and economical technique for producing polymer fibers with diameters ranging from 2 nm to several micrometers [1] [2] [3] . The fabricated polymer nanofibers offer several advantages such as, extremely high surface-to-volume ratio, superior mechanical properties etc. Considering these advantages, nanofibers can find wide applications in various areas such as filtration, optical and chemical sensors, electrode materials, biological and engineering scaffolds, catalyst supports and drug delivery systems [4] [5] [6] [7] [8] . Polyvinyl alcohol (PVA) is a water-soluble polymer used in fabrication of polymeric fibers due to its excellent chemical and physical properties, non-toxicity, process ability, good chemical resistance, complete biodegradability, etc 9 . Main parameters which are known to affect the electrospinning process are specific solution properties such as the type of polymer, polymer solution concentration, viscosity, surface tension, electrical conductivity, electrical field strength, fluid flow rate and environmental humidity [10] [11] [12] . Therefore, it is important to systematically investigate the effect of parameters on experimental output. Design of experiment (DOE) has been recognized as a suitable tool for investigating and optimizing the effect of parameters on PVA fiber diameter and it can be favored to decrease the number of experiments. Among different approaches, central composite design (CCD) is an appropriate experimental design method which provides high quality predictions in studying linear, quadratic and interaction effects of parameters that influence a system [13] [14] . Furthermore, one of the efficient techniques for obtaining the optimum conditions in a multivariable system is response surface methodology (RSM) [15] [16] . Recently, this technique has been successfully used for different processes to achieve the optimized condition using RSM e.g. "fiber spinning processes including dry-jet-wet spinning of polyurethane elastomeric fibers, electrospinning of silk fibers fabrication of poly (lactide) fibers and poly (acrylonitrile) fibers 17 ". Recently RSM has been also applied for predicting the nanofiber diameter of electrospun titanium dioxide (TiO2) nanofibers.
Material and methods

Materials, apparatus and softwares
PVA (high molecular weight; hydrolysis 98%-99%) was purchased from Alfa Aesar (USA). Double distilled water was used as a solvent in fabrication procedure. The morphology and diameter of electrospun fibers was analyzed by scanning electron microscope (SEM, Philips, XL, Germany) after gold coating. The statistical software package Design expert version 7, USA was used for regression analysis of experimental data.
Experimental design
There are three main steps for experimental design as follows; conducting the statistically designed experiments, estimating the coefficients in a mathematical model for predicting the responses and checking the applicability of the model 18 . In this study, CCD and RSM were used to explore the optimum conditions in preparation of PVA fibers with the least diameter and the best morphology. The studied factors were PVA solution concentration (X 1 ), applied voltage (X 2 ), collector distance from nozzle (X 3 ), and flow rate (X 4 ) where the studied parameters which their levels are given in Table 1 . Flow rate μlit/min 6.00 12.00
The designed experimental model included 30 experimental trials which have six trials as replication of the central points. A standard Analysis of variance (ANOVA) was then carried out to analyze the response surface models. All experiments were performed in a random order.
Preparation of PVA solutions and electrospinning of PVA
In the first step, distilled water was added to PVA and the mixture was stirred in a capped vessel for 24 h at 50°C. Based on experimental design, certain solution concentration was loaded into a syringe equipped with a stainless steel needle and fibers were prepared. Electrospinning setup consisted of a syringe and needle, a grounded electrode (aluminum foil), and a high voltage supply. The distance between syringe needle and collecting plate was adjustable. The programmable pump could control the flow rate of polymer solutions by pushing the syringe. In this work, the syringe needle was connected to high voltage power supply. In the electrospinning process, a high electric potential at the range of 15-24 kV was applied to a droplet of PVA precursor solution at the tip of a syringe needle with 0.4 mm inner diameter. The electrospun fibers were collected on a target plate (aluminum foil), which was placed at 8-14 cm from the syringe tip. A syringe pump was used to provide a constant flow of PVA precursor solution at the tip. The output of the injection pump was between 3 and 12 μl/min. A charged jet was formed and ejected towards the applied field. As the PVA precursor solution jet travels in the air, most of the solvent evaporates and the fiber was collected on the grounded target as fine fibers .All electrospinning progress were carried out at room temperature.
Characterization of prepared PVA fiber samples
SEM with accelerating voltages from 20-25 kV was used for microscopic imaging and analysis. For observation of fibers with SEM the fibers were coated with gold using a sputtering technique. The average fiber diameter of fibers was determined by analyzing SEM images with microstructure measurement software.
Results and Discussion
Determination of fiber diameter by SEM
As mentioned before, all the samples were studied by SEM to determine their fiber diameter. In order to obtain more reliable data, by microstructure measurement software, 60 points of each sample were analyzed and the fiber diameter range was also reported. It was clearly observed that the fiber diameter of final product depends on designed parameters during the synthesis procedure. The smallest average fiber diameter was 211nm while the largest one was 645 nm. SEM images from these samples are shown in Fig. 1 . 
Diameter optimization by CCD
Estimation of coefficients in a mathematical polynomial function
After performing a set of experiments to obtain outputs according to the experimental designs, the next step was to consider the vectors of variables (X) and corresponding respond (Y) developing an appropriate model. For a quadratic model, experiments must be conducted at least at three levels for each factor. Polynomial is a most common mathematical function in RSM. (1)
The results of the response surface model fitting in the form of ANOVA are given in Table 2 . The Fisher F-test with a very low probability value (p > F = 0.0001) demonstrates a high significance for the regression model. The efficiency of correlated model was checked by the correlation coefficient (R 2) where Y is the response (the fiber diameter) and X 1 , X 2 , X 3 and X 4 are the values of the test variables shown in Table 2 predicted fiber diameter versus actual fiber diameter diagram is shown in Fig. 2 .
Fig. 2. predicted fiber diameter versus actual fiber diameter diagram
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ponse surfac PVA conce teraction on meter of fibe optimized co ace and cont range of va imensional ly (Fig. 4) Maximum or minimum response is achieved on the system center if the contour plot displays ellipses or circles. It is mentionable that hyperbolic or parabolic contours may sometimes occur. If quadratic term is effective on the response plot, it would become curvature and in this situation the stationary point is called a saddle point (neither a maximum nor a minimum point). While the model fitting capabilities is well provided by useful information of these plots, the true behavior of the system is not presented. One must not forget the contours (or surfaces) represent contours of estimated response and the general nature of the system arises as a result of a fitted model, not the true structure 19 . Each response surface presents the effect of any two factors on the fiber diameter while other factor is held at constant level. From the response surface plot in Figure 2(a) , it is understood that fiber diameter decreases as PVA concentration decreases (X 1 ). Increasing distance (X 3 ) in combination with decreasing concentration causes the fiber diameter to behave non-linearly. Similarly, it is also observed in Figure 2b and 2c that there are some interactions between the concentration (X 1 ) and voltage(X 3 ) and between concentration(X 1 ) and flow rate X4. Similarly, it is also observed in Figure 2d that there is a strong interaction between the concentration (X 1 ) and applied voltage (X 2 ). Figure 2(a) shows the linear effect of PVA concentration on fiber diameter. It can be concluded that as increasing the viscosity of polymer solution by concentrating, a larger volume of drop is formed on the tip head and the appropriate strain for formation of a narrow fiber is not provided, thus in higher viscosities obtained via increasing the concentration the fiber diameter would be larger. On the other hand by higher output currency on the tip head, the jet diameter is reduced due to the less staying time for the drop and faster spinning. Increasing the voltage would improve the electrical field and by this higher strain force, the fibers become smaller in diameter.
Conclusions
The application of response surface methodology (RSM) in conjunction with central composite design (CCD) for optimizing of fiber diameter was discussed. The effect of various parameters on diameter of PVA fibers studied via SEM analysis. . Based on Response surface plots optimum conditions for fabricating PVA fibers with minimum diameter around 296 nm was attained. These conditions are as follow; concentration: 8%wt, distance: 11 cm, voltage: 21 kV, flow rate: 9 μlit/min. Predicted values from the model equations were found to be in good agreement with observed values (R 2 =0.94).
